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MEl,[ORANDlLi r COLONEL GEORGE A. DICEER 

Subjec t : I nv0stiga ti n of L3.bor a tor ium Fe lwr G"c oin 

1. Thil:. r r;;por t i s to cover the t e chnical i v est i g:lt i on of the 

Labor a t or i wn Feuer~ t 6 in vhoao .:!D. i n l a bor , t or ies a r e l ocat ed in Ebcr nu nnsta dt, 

near N ir emour-g , Gurma ny , and ' . c h a t om: t i me had ect i ons f'r orn it at 

Kirch ent :l l l , s t . ~!.i:art in , below Lof er , and whoa e s econd aub e i df.a r y g r oup i s 

: nLoca ted i n Pinzb er g , nea r .J.i:bern s tadt . ( ,1.J.C p .L'- • WO 42) . The i nv s t i 

ga t i on of t his l abora t ory wa s conducted by iI'!' j or H. C. iJa r l mr, Si gnal 

I nt e l ligence DivifJi on , Office of t he Chief Signa l Officer, Hq ETOUSJ. , and 

by l .i:a j or Hd l er (Brit i~h ) Signal r n t dli genc0 , G··2 , GIL .EF . 

2. The Labo r a t ri urrt Foue .st e in wa~ ori inal ly e stabli~ he d in B e1'

rrannatadf and i t s pri mar y mission vro. ... t h t3 deve Lopment and 1'0 oorch on audio 

fr eque ncy ci r c uits a nd a s oc i.a t.e d appara U3 . :;:l afora the occupa t i on of t his 

t erritory by the Uni t ed s t a t es ~nl~ , t ru s lab ~ra tory ei~oloy o d app rox~nat ely 

150 men i n a l a r e a nd exce l l ent l y equipped l a b or a tory which is en tirely 

undann.ge d , The l aborat or y has compl t machine shops f or the forrJing f a ll 

mat er i e l as we l l a& n excellent s upply of a l l labor ' tor y i nstr mnen t L and 

m t fJrs ne eded f or voice frequency r esearch. On approx:irw..te ly April 15t h the 

German High CO!I11P.nd orde r ed t ha t a cer t a i n s e ct i on of thi s La oratory gather 

i ts mor-e c lpl et ( IJl' oj eets on sp ech s cr a nlbl i nr; and nove from t hi s district 

t o t he a r-ea i n t he B:'lvar i a n j .lps ncar Berchtesgadcn, Germa ny. Eventually 

this l a bor a t ory \vas loc:lt ed in Kirehental where it pract 'eally nov or go t i n t o 

op erat i on . 

3. The lab orat ory in Kirchent a l was foun d to cont a i n t hree p r oj ect s 

wh i ch wer e not comp l eted, but were well e nough a dvanced t o expl in t he 

t ee i cal pri nc i p l e s involved: 

a. The f irs t project was caLLcd Development "Gl ei chlau 11 . 

Devel opment "Gl ichlauf " cona i.a t ed of a t e l e t ype s cramb l er appa rat us wh i ch 
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r ather had its cynchr-oruza tion pr ov i de d /luencyJ 
r 

gener a tor . The cipher mccha rri. arn pr esently ua cd VItl.S thl:;; old vers i on of the 

s t andar-d -.rCn n:.1.n t cl .... typ e ucr anb Lcr , ""OL ct iruer- ca l l ed t he Gehe i 11 ern

s chr e i b e r a n d known to Al l i e d }'urces as t h e "? i r-;h ll The ci pher pr incipl es• 

involved wor o unc ha nge d , but ' the mot or dr-i v e had be en changed to a sy nchro

nous mot or wh .i.ch r-coei v es i tG powor from th0 Cry ~> tal controlle d r'rcquency 

genera t or. Vfh cm t.he r-e i" n o t .runar.ri.as.L on t o be cn c .iphe z'e d , t he II Gl e i chlA uf lt 

continues to a end out c i p h er k ey ~ t he purpos e be.i g t o eli gui s e the amount 

of tra f f i c ha ndled ov er t h .... circuit a n -N 11 as t o c nc ca L t he a ct ua l p lace 

w Ele S E.. g ... t m..rt s start s. I n a d di,tion t o cli fJp un::ling vri t h t <: ntart - s t op 

pul.a e , thirJ met hod of synchroni za tion of' f'er-a t he adva rrtar;o of ma i nt a i ni ng 

cryptograph i c s: nc 1' 0 . .i.zuti on dm'ing 0. p eriod v i" f a i ng or a y f or o of ,:Jan

11< de interf"renco which mi ght i nt rrup t t.he r a di o te l et yp e cha nnel. However , 

it h , t'eLt Jy t h ' Gor lliD. l1 ezx.onneI .i.nvoLv cd t.ha t t h e a cndarig ou t of cont i nuous 

key f or a 24 h our p cri.od 3G:c ioU H ~Y c o.llp r ooi:i L: S -'eh o p z-csorrt coding r-r a ngc nerrt , 

so i t ~~d b ~o p l a nne d t o ~ro TidG n ci h oI' co troJ l ~cl1a i m f 15 clinks 

rather t 1<1n t h n o .' 1 1 2 if, t " i s 11>' chi n...; co <::'8 t o ~J vrmi t t l c f'orrmt i on of 

caphcr- key ua i ng a pe r i od of ap:l)r x f.mat c.Iy 36 hour-a , As Do no " setting wou Ld 

e made ov,r y 24 hours, tlw r e woul d. never DO a ny r ep et i ti on of t ht; c aphc r key 

being used. I n addi t i on to wha t eve .r a dv a nt a ges t h i s rrac l i n fr£ly have Ln s nd

i ng out p ur e t eLct.ypc t r t nrnru.as Lona , i t a Lao eervcs a s t h e: basic ci her key 

f or sever a l types of' hi gh g r a de a cr-a .nbLcr-s wh .i ch wi l l be dea cr-Lbcd la t er . 

b. "Bau:Jt e i n" wU. s i nt onded t o b e a medium g de v oic · scr ambler 

t o p r ov i d local s cur"ty ove r i nt ·r na l 1andl ines , but it v ~ nev -r i ntended 

o pr ovide high grade t el phone acrs rnb .Ia r s cc uru t y ovo r r adi o 011£).nne18. I n 

thi s ev e Lopmerrt t h o only p or t i on of the apecch panned WUb t ha t por t i on be voe n 

400 and 1300 cycles , t he r est bei ng li~rinat ed by band l)USS filt er s. The v oice 

frequuncies wer o nl t or nat e l y tral~ui t t cd in the nor mal l~ n r nd th n invert 

a nd transmi t t ed i n t he 1400 t o 2700 cy cle r egion. To com Leuerrt this tirana -

L "s s ion , whe n t he vo i ce f r equ e nc y was in t he lo~~r band, thu ban ~ be n fe en 1400 

a nd 2700 cyc l e s 'NUS f i l lod by mi scel lane ous noi 0 , and whe t he v o ' c o t r ans 

;;li s s i n was in tihe 1400 to 2700 cyc l e ba nd, the 400 t o 13 0 cycle ba nd was 



r~~I er had its nynch r oni za t i on p r ov i de d by Crys t~ l cont rolle fr equency 

g n r o.t or-, The c iph er ocharu sm preae rrtLy ue ed was t he old v rs i on of t he 

t andu d GCrrmn t clutyp :'101'0. nbLcr , ::ou Gtim r; cal led t he Gehe i it Fern

s chre i b e r and known t o Al l ied }<'urcen a s t h e "~i s..I,." . The c i pher princ ipl e s 

i nvolve d woro unchanged , b ut t ho mot or dr-ive had b e en cha n ged t o a synchro

- ous mot or wh i.ch r e;coi v Gs i tt3 power from t he Cry ~>tal c ontrolle d freq uency 

ge 10 a t o r , \-1 h en t he r e i s no t r a n ar.un s t o 1 t o b e cnoi p hcr-cd , t he "Gl . ch.La uf' " 

continues to s d out cip her key , t he p Ul l OS C bei ng to di s guise the arnourrt 

of t r affic l a ndled ov e r t h u circ uit aD we l l as t o concea l t he a c tun l p la ce 

whe r e me a r ge t CA't S stD-r t s . I n iJ.r cli t i on t o d.iap cna i.ng wi t h t h e otart - t op 

p ul.a e , thiu met h od of aynchroni za tion of'f' or u t he u dva rrt: r';tJ of mai ntai ni ng 

cr ypt o rap ic s ynchr i za ti on d J:i: i ng a lcriod ui" l' ing or a ny fo • of man-

made int erf\ ;;renc\:l which mi ght Lrrccr-rupt t he r a -i o tel et ype cl e- nneL, However , 

i t if: f e lt by t o .:rordQ.!1 pert.onneL Lnvo.Ived t ha t t h e S0n i n g out of cont inuo us 

k ey f or a 24 hour pcr i exl 8e:ci ouR~Y coapi -ocuu ca "Gh e n r uflont c odin , rr~n,-, c tent , 

L O i t had b e en p La nnc d t o pr-ov i Q , ;), ciph or c orrt r o.l uo cl n.ism of 15 di s ks 

ra t.he.r t han t - nor rmL 12 ir t hi fl machi.nc ;;0 D.S t o pe rmit t.h c f ormt i on of a 

cip h e r k ey ua i.ng a per iod of nppr-ox i ma't c Ly 36 h our -a , As E1. now s etting wou l d 

o .nade ev ery 24 hours , t hore woul d nev e r b e any rep ·t i t ion of t.he c i.ph e r key 

being us d . I n a i t i o to what eve r advantages t h is rrachi. ne lID have in s e nd-

i g out p ur e t e l e t ype t r~ narni.a Lona , i t a La o S erv ::; a t he ba a i,c cipher key 

for eve r a L t ype s ) 1' hi -1 g r ade a cr .nb Lcr-a wh.i.oh wil l be descri be d Ia t r-, 

b . "Bo.us t i n" was i n t onde d t o be a me diwn grade v oic scrarab Le r' 

to prov ide l ac 1 s ecur i t y ovo i t er na L La nd.l i, e ..." , but it wa ever int ended 

t o pr ovide high grade t elep hone s c rawbler s uc uri t y ovor r a d i o channel s . I n 

thi s devel opn~nt th only p or tion of t ho s)e~ch ~~s sud Wd~ t ha t por t i on b nv en 

400 a nd 1300 cycl es , t he r ea t bei ng e l i i.ri.nated by band pa s s f ilt er s . The v oic 

frequencies wer e a l t er nately t r nsmi,tted i n t h no r I 1 roann I' a nd t hen i nver t ed 

t ran smit t e d i n the 1400 t o 2700 cy c l e r egi on . To c o" p Le I.1 nt this t rans

lJi s s i on , whe n t e voi c e f r equency wa s in th ~ lovror ~~nd , thv ba nd bot w on 140 

a nd 2700 cy Lea wa s f i l l ed by . i s c LI a neoua noi 0 , a nd when tho v oi c e trans 

____-i-.li md n was i n the. 14.00 to 2700 cyc l e b nd , t he 400 t o 1300 cyc l ba nd was 



r~~l er had i s 3ynchroni ~ ution p r ov i G by Crystul corrt r oll d fr equency 

g n ro.t .or-, The ciph r m icha rri s n p r a e rrt Ly U;J \;lU was t he ol d v er s i on of t he 

t a ndard Gvrnnn t elc;typ c uc r amb Ler , aouot ime r. caLl od t h e Gehe i ll Fer n

s chre i b e r a rid known to Al l ied For-c ec a s t h "Fish". The c i ph e r p r i nc i p l e s 

involved wor e unchangc d , but , t he mot o.r drive had b een d unged to a synchzo

nous mot or wh i.c l 1' (;C Oi V l,,8 i t ~ 1)0770 1' from t ill] Cr Ltn.l c ontrolle d r'r cq uency 

genera t or . Wh en t.herc L , no t r a n s rJ.i DGicm t o b e e ric Lp hc r' c d , t he "Gl e i chlauf" 

continu es t o s ond out ciph er k ey, t he p urp os e b(;: i ng t o di s guis e t he a ount 

of t r affic ha nd.Led uv or t h e; circuit a a »011 as t o concea l t he a ct ua L p lace 

whe r e L S L go t oxta tlt o. -t s. I n u. ddi tion t o dis Jl:D::J ing wi th t .G otart - stop 

p ul.ae , t his m t hod of s y nchr oniza tion of f ers t he u d a nt n [';o of mad rrt ad rd.ng 

cryp t ograph i c synchr o :i za t i.on dui -Lng a p erioc1 LJ i ' f a i ng or a y for m of L1l.ln 

made int.e r f 0re r:cc wha.c h mi ght i nt ir r up t the 1'11 (li o te l e t ype charm "1 . Howev er , 

i t i::. f elt by t h J GorJ ian e r r.onnc l Lnv o.Lved t t t he s endi n g out of cont i nuousr 

k ey f a 11 24 hour n ioll '.:J<.:fci oUR2.y GO, )l'Om l, C S '(jh o n r u:.c nt oodin -, a rra nge norrt , 

s o i t hael b e en p l a nned Jeo ~)rovi dc CI. c i ph e r cont r oJ He el rusrn of 15 disks 

rather t Ia n t l G nor .'1'1 1 1 2 i n t S machi.nc ;;0 Do S t o pcrrni,t t lH.. fa ' . t i on of " 

ci ph l' k ey us i,n a p "r i Jd of appr'ox .in t cly 36 hour s . .iJ.f3 a nov, Be t t i . g woul d 

b o made ov ery 24 hour s , t.hc r'e woul d. nev e r U0 any r cpoti t i.on f t h<..: c i pher key 

be i ng used. In a d itio t o what ever a dvarrt a ge s t h i s mac hine iffJ.y ha v e i n ... end

i ng out p ur e t eLc type t r a m. 1 Ls s i.ona , i t a b o s urvea a s t he ba s i c cip he r k 'y 

for s eve r a l typ s of' h i 1 g r a de acr a. nb.l.c r-s whi ch wi ll be de s cr i be d lat er . 

b. "Bau tein" wetS i n t ended t o be a medium grade v oic scr amb l er 

t o provide l ocal s e curity OVOI' i nt ~r 0.1 l andlines, but it Vrd & nev er int n ded 

t o p r ovi de lrigh g r~ dc t clep hone s cra nb l er s ucuri t y ovor r a dio channels. I n 

this deve l o rn nt the only por ti on 0 t he spe cch paa acd vnu. t.ha t por t i on be ce n 

400 a nd 1300 cy cles , tihe r es t b ei ng e l i!: . na t e d by ba nd pa ... a fil t era . The v oi ce 

freqw:Jnci S wer-e a Lt r nat ely t.ransr.u t t e d i n the norma l $. n r nd t hen inverted 

a nd t ran s mit t ed in t he 1400 t o 2700 cycle r egion. To conp L I.1 nt this trons

kds s i on , wh n t he voice fr~ qu ncy was in the l a, ror ban d , the ban~ be tween 140 0 

a nd 2700 cy c Le s wa - a. Ll,o by 1ni a ceLl.a neous noise , and when the v oic e t r an 

wi s s i on ~ s in the 1400 to 2700 cyc l e band, t h 400 t o 1300 cyc l e ba nd v~ s 



hi h nd low band translClission vari.e d be t we en thrue a.nd. s i x eyeLo s per s eoond , 

the ro. t u of va r i anc e being co n t r oll ed by t h e vol ume of t he i nc mi ng spe e ch . 

Th is &witching p ul se v :3 tr.".n:::Li ttod f'r- om t h o [J 'Jn ing to the r-cccav a.ng ins t r u

me rrt by J11ea nS of 0. 3l;D cy cle no te . 1 hen oomp Lc t cd , t hi s dev ice we i ghed appz-ox 

i J.1D. t ely 75 pounds :l ncl f'i t t ed in the s t.anda z-d GClJ."!;l'lD po.ck trans.. itt r cas e of 

appr ox i rmt e l y 1 . 2 cubic f'e e t , This deve Lop u ent vn: c o.ap Le t e , b ut t he exis t i ng 

four mode l s had b e en du [;t royod prior to its cap ture • 

.? c. Hi gh Gr:lde Voic e Scranbler (No :3ho:ct 'IIi tIe ), wa construct e d 

~ 
:J on tho pr inc i p le of synthet i c s pe ech. The: anc orring speech was sp Lf t by Loa ns 
< 

of ba nd filt e r r. i nto (:; iCht ccna ccu't f v e f r eque ncy bands from tlw r a ng e of 180 

cyc l e s to 300(1 cycles who se out.p uf 'NO.:.. then r (;ctifiGd ~md a: .lp l it ude rnodu.Ia t e d 

e i ght s epa r a t e cnrri01. f'rcquen of.e a , There vnxt: a Ls o a nin t h chan ne I ........h i ch 

ner ved to mu.i n t a i n t he br.Lo nc e b ot roon rneLo.Li. c t one s and. pure: n -Lae i n t he 

h uman v oi.c e , which a Lao .aoduf nt e d a ninth ca r iur charme L, These nine carri er 

channe Ls were then r ap idly traoopoSGd by noa na of wha t ,vas caI l.od t he t hr e e 

f old "y{obb e:; l u ./1 " , By . loa ns of beat f' r-e qucnc .ic s and '" r-i os p , r n Ll.cL f i l t e r 

c i r cuits, a s y a t .cu had b een dev i s d whi.c h aervod t o t r anap oa e a l l i c omi.n g 

s i gnals. These tra nsp osi tions could bo c on t rol10cl by vary i ng four cond nse s 

controlling t h fo ur mas bor oacLLl.a t or-s , 'l'hc c i p he key f or control of t h 0. 

I a t er osci l lat ors \"fa:;; furnished by tih c "Gl oiohlnuf" p rovio usl y d acr-i.bed in 

s ubpn rog!'2.Dh 10.. hv theory and pr i n c i p l e of thi s device .....ms c ornpLe t e , but 

a ctual c ons t r uc t i on ha d on l y gone a s f~. r a s g i v i n g good r esults on synt he t i c 

spe ch p r oduc t i on a nd p r a ct i c e t es t s on t hreofold ¥'fobb ol ung . Thi s pro j ect 

was 50 p e r 0 0 ! t c ornp Lct o a nd aome troub le had be en exp e r i e nced b e es us t h 

original de s i gn had no t p r ov i de d f ilters wi t h shar p enough c utoff. 'I'h result 

l JaS t hat tho ap ooch c ontained gaps ~hich c ut out t he vo i ce t ransmission a nd 

filled in wi t h the no t o of one of t he b ea t oacdLla t ors. Thi s clifficult y ViaS 

b eing over-c on (j by tho use of filt e r s wi t h s l1.::1. l'p0r cut of'f onar uctcri.a t a.ca, 

4. 1m Lnv e ctdga tion of' t h e P or-a onne L of tho L-aborat oriwn F~u 0rstein 

a t Kirch0ntnl disclos e ·t hat eight of the sup os e d mechani cs working in t h e 

l aboratory were SS troops i n civilian di s gui se em that t he Group Chi e f ) 



h i gh an 10',':" band tranSlrlission vaz-L ud bot we n throe and nix eyeLos per second" 

t he r a t e of varia nce being corrt ro.l.l. ed by t ho v oLumo of t l e i ncomi ng spe ech. 

This swi t ching p ul s e wa :3 t r a nami.t tcd f'r om t h e o ondf.n g t o tihe r eceivi ng i a t r u

merit by means of a 3Lt-O cycle note. When comp Lc t cd , t h i devi ce we i ghed appz-cx

iLraa t eLy 75 pounds a nd t 'Lt t ed i.n the standard GCl'!!k'ln a ck t1~uJlS" it ter cas e of 

appz oxarm t ely 1.2 cubic f' ec t , Thi s deve Lopment V,Lt.:) c o.sp l.ct e , b ut t he exi s t i ng 

fo ur mode l s had been dca t roy cd prior to its cap t ure . 

c. H:i.gh Gr~.:.de Voice Scrar:lb ler (I a Short 1'i t Le } , wa s constructed 

.-2 on the prti nc i p l.c of synthotic spe ech. Tl-lu i nc o:cu ng sp e i h was ap Li.t by mea ns 
:3 
.;; 
::l of ba nd filt en. i nto eight cona ecut Lve 1'1' sque ncy ba nds from t he r a nge of 1 80 
< 

cycles to 3000 cycles whos e ou tput w[). ~ t hen l' (;c t ifi e:;d ,md a t rp l i t ude J. adulated 

c .i h t s epa r a t e car'ri.ei . f'r'c quonc.i.e e , There '. rD.r; a lso a nin t h channel which 

s . rved t o Ilu i n t u. i n t hu bnLa noe b ot wc on .ne Lodi.o t ones and pur e noise i n t he 

h uman v oice, whi ch also r.i odu.Lc t c d a n i nth cn r r iur c l nne L, The s e ni . e cur rier 

channc Ls wer e t hen r a pidly t r a na ncaed by Ui.;a n", of wha t waa called t h t lu ' e-

fold "Y!obb(::lunr;". By Joann of b eat f r 0q,uonc i c s an s -ri en pa rn Ll.c l f ilt er 

circuits, Do ey at.cu ha d b cen devi.a d wl i c h a er v od to t r anap oae a l l Lnc orai.ng 

a i.gno La, ThGs e t r aIlsposi tiona could bo c ont r ol l od 'oy vo.ryi ng f our condor SCI'S 

controlling t h o four maa t er oeci.Lla t or s . 'l'he c i pher key f or contro l of' t h e. 

n a t er os cill at ors VrD.S f urni s hed by t G "Gl eichl:luf" p .r -'v i ous l y don cri' ed i n 

Subparagr a p h 1a . h e; t hcory a nd r i ncip l e of t hin dev i.ce 'Nas compLcbe , b ut 

a ct.uaL cons t r uct ion ha d onl y gone a s f o.r a s g i v i ng good r esults on sy nt h t i c 

p each produotion and p ract i ce tests on threofold obbel ung . This pro j ect 

was 50 per cent corap .L c t e n. nd orne t r oublo had been expe r denc ed beca us e t he 

original derri.gn had not pr ov i de d f ilters wi. t h s harp enough c utoff. 'rho r es ult 

vms that tho np cuch c ontained gaps whi ch cut out t he voi co transmiss i on a n d 

fi lled i n wi t h the no t e of one of the b eat os ci lla t or s . This difficulty was 

b eing over-c one by the us e of f'il tel'S wi t h 811.:: r per c utoff' char-aoter-f a t i.ca , 

4-. i nvestigation of' t he p ors onne l of t he l aboratoriwn Fc;;uerstein 

a t Kirchento.l disc losed · tl~~t eight of the sup osed mechani cs working in the 

l aboratory wer e S8 t r oops in civili an dis gui s e and t h t the Gr oup chi e f , 

Doct or ';ri l he l .m Goi ng , VIas want-ed by the Allied _ ut horities b ucaus e of his 



-----

wor ker-s waa i d.entified a s Doctor Wer n e r Li,;bkneoht, who was wanted as codos 

a nd Ci phe r s Exper t f or GIill . The a rre s t ~ na s ear ch of a l l per s onne l i n t his 

lab orat or y brought forth uJ?pr oz i i:l' t e l y s i x h idden weap ons a nd a 8 a r e s u l t the 

Going . Doctor Liebknc olrt ',n .,'. c:,r r oi, t ocl arid e en t t o Ii,.:: " dqua.rt e rs , Uni t e d s t a tes 

Thi r d :,rl.ty f or s~J ecicL i int e rr oJ n t ion. To c ons o.l.ida t e t his L'3.b or at o ry f or 

comp l.e t e xpl o i t a t i on , the equapu errt , r":J. tcr icl , and rloc "a n t fJ o f t ho Group a t 

Ki r chont c, l ,verd r 0[;"lov ed t o the 11 i n Labora. tory a t Eburr.J:.llilln t adt • r 

.~l! 5. :. a upcr-f'Lci.a L i nv estigation of t h e; p r oje c t s wh i ch had been p cr-r ect.od 

:l
 
< a t t he La b or u t or -L c e a t Eb er iiU llli,s t a dt vtexe f ound. t o b e t h e f ollowing:
 

a. The Lco uut i ca l Torpodo - the t .or p e do wlric h f'ol Lowe d t h e ound 

b . The imt i - Hada r S~b l llD.r ine coa tins - a coct i.n g of' one quar t e r 

W"J.V 6 d.Lp Loe s wh.ich -.::-:cev e n t ed a ny ech o f r o,., t h e s i~no.l s e n t out by B ouar-Lne 

d e tec t ion device s . 

c. Nach t fe e - -;. m.ght fi h t c r c on t r o l ba c d on p ha s e d.i.cp La c ctaerrt , 

Des i gned f or t h l; c ontrol of .ml. t r p Le a i r er r t , 

d . s :;;>e sc h SlJ(;ct r trj _.J lD.lyzcr-- O:ci gi nally dcv cLop ed by Doct or Lot z 

i n sta ats. US8d a~ a n a i d i n de c i p her ing ~cra ~ili led sp ~ ech. Pr ovi de s on film 

a continuous r ecordi n G of t h o La i n f r qu on c i a s a nd t h e ener gy i n ec ch f r equency 

b eing r ecoi ved. Th e systou i s bo. ::. u J on t hu Phi l lip - Hul l e r (Jc o ding SYBtem 

fo r osc i l l ogr aphy . 

e . Sp e e ch Stretc h (1r--..~ Sy ::;; tCI.l o f do ubl i ng or halvin g t he s p c h 

f r e quvncy while doub l i g the time baDe . Us ed for s p o vch int erce ~t ion and is 

a very e f f e c t i ve 1:100.n 3 of cut ting out i nter f e renc e or distortion. 

f. Agcm t 8 Tr a ns .:li tt er--;. t r a ri J1Ut ter f or c f.a n de atun e t .ra nemi.aa.iona 

whi ch p r ov i d es f or high spe ed k eyin g by mea ns of a rragne 't op hone r-e c or-d a n d a 

di a l sys t .. of key ing. Prov i de d wi t h 80 K\{ out p ut in v e ry s maLl, s pac e wi t h 

crystal control on 80 select i ve f r e quen c ies frow one crystal os c i lla t or . 

g . Mul t i p le Br equen cy Generator Fr om One Crystal--Ba s e d on . u1 t i 

vibrator dri ve whi c h provide s stable crys tal cont r o l fre quenci e s wh i.c h a r e 

not hn r moni c s of the b a s i c crys ta l frequencies. The p r-e a en t des i gn a Ll.owa 80 



r ken, " a a i f: rrt i.f.i,e aa Doct r "er n tir Li.vbknecht ~ who \'fD.S 'wanted as Codes 

and Cipher s Exp ert f or OKH. ThE: arrest an s ea r ch of a l l personne l i n t his 

labo r a t or y brought forth rt:Jpr oxL 1<"l.t e l y six h i dden weapons a nd a s a res ul t t he 

Going . Doct or Liebknucht ',rJ. ,'. ~t l'J:' 0 ;; t od a rid sen t t o I eadqua r t er s , Uni ted s t n. t e s 

co mp.l.et.e cxp loitat ion , the equi.pmerrt , Jl1D. tcr i c l , a nd docum nt.s f t ho Group a t 

Ki :cchcmtc..'l we e r cuoved t o tho lXLi n Labortr bo.ry a t Ebu rLl'UIDotadt . 

5. ~ 3 p -r f i c i a l inv est i gation of th ~ projects , rlli ch had been ~o r f 0 c t e d 

a t t he L"..bor a t o:d cs a t JI;bcr iL:::m ns t a dt vtexe fo und to be; the fo l l owi ng : 

a . 'The Lcou:.; t i ca l Torpedo - t he t or l)cdo wh.i. ch f ollowed tho sound 

of t ho l)ropc l lo:cs of a ny ::ihip un til i iJpnct. 

b. ';'he ..:;.n t i - Hncla r SClbJ.nrine Co a tin ~; - D. cout i.ng of one quar t er 

wa ve d.i.p .Looa whi ch ) l' eve nt od a ny echo fr o..1 t -. EJ si:: . 1 s en t out by suboar d.ne 

detect ion d ev i c e s . 

c . a ch t fo e- -.• ni ght f i gh t er c c nt roL ba s ed on phaue displ a c8T.l rrt , 

Des i.gne for tho control of . ultiIJle a i r era t . 

in s tao.t s . Uaed d.:., a n o. i cl i n dec i phering s c r'a zib Le d sp eech, Provicles on fi lm 

a continuo us r-ecor-df.ng of t ho uD.i n frequencies a .nd t h e:: ener-gy i n ea ch f r equency 

bein g r eceived. The syat er, is ba r.cd on t he Ph i l l i p::; - Hul ler r ecording sys tem 

f or osci l lo ~raphy . 

e. Speech Stretcher--). sys t om of doub I i.ng or ha l v i ng the spe ech 

frequency while do ub l ing thu tine ba a e , Uoed for speech Lrrt ez'c ejr t i.on a nd is 

a very effect ive Glean of cutting out i n t er f er onc e or distor t ion. 

f. .Agent::; Trans.: i tter--;;. tro.ns ,uitter f or c lan des t i ne t .ra nardas Lona 

vnlich prov i des for hi8h spe 6d keying by ~ea ns of D. Lu gnet op hone r ecor d o.nd D. 

dia l sys t em of keying. Pr ov i ded wi t h 80 E j outp ut in v e ry small spnce ,nt h 

crystal control on 80 select ive frequencies f r ow one crystal oscillator. 

g . Mul t i p l e Frequency Generator ~ro, One Crystal--Bas ed on lult i 

vibrator dri v e ~hi ch prOVides stabl e crystal cont r ol f requenci e s vhi ch a r e 

E£! harmonics of the ba sic crys tal frequencies. The p res ent des i gn o. l l m. s 80 

_____diff er ent f requenci es whi ch C8.n b e expanded t o sev er a l h undr-ed f r equenc i es. 



h. urlF Tr~nsffiittGr--Provi des sc~eral KW continuou~ output on 

1 eM wav l ength. Wor ks on l~?1GnGt ron pri ne i 10 . Unconf'Lr r ed r epor t s hav e 

rumor ed thi s dev i ce to UO ,J. ba sis for fur t her reu ear-ch on deat h rays. In 

conne c t i on w i, th t his it ahouLd be noted t m t t he r e is i n exi s t ence i n Do 

neighb oring Labor-a t ury :~~ 40 Kill one CU t .rarianitt G :i.~ uu i ng tho KLYSTRON pr i nci p l e . 

L, Voi ce Fr equen cy Spect r gru.:;?h- -·Prov i des n.n a cc ur a cy of 10-7 a nd 

i s an Lrn r ov cmcnt on existing s t u'ndaz-de , ).. La o u8 C:J d for l a bor a t ory C3. l i br a t i o 

j. 1iecha ni ca l Fr equency A.pl i f i or ··- Pr ovi dos a udf.o f'r cquency output 

of' s evera l KJI C2 a c i ty frO,",l a n una mplifiecl cryeba.I oac i Llntor. Tho crystal 

frequency s erves a e a gov er nor- for a .nccha n.i.oa L generat or. 

k, _a di o Ruco i v er - -Pri nc i p lo ) r ov itlcs untuned RF ai d II<' s t a ges , 

but y ot a LLows high s ulectivity a nd acnaa t iv.ity , Us es f i lter " ins t a d of 

t une d ci rcui t s ,, ' 1 the JIB' a nd I P ::l t a go s . Tho single tLining control i s on tho 

oscillator. 

L V:o.VQ Tr2p--l"ilt er G ci r cui ts to ol i r.una t o P wer f ul fixed c oracer-

c.in I s t a t i ons t o a llow recep t i on of weak si c;n:.1. 1 :J . Used by t .ho Gor.n:.\n i nt or

cept service • 

•:1. G(m cr u l Fi lt er Design--T i fJ or gn. niza t i on ba s meat cr cd t h iJ de s i gn 

of filt ers s o a s to pr cv i de fil t ers of ext .remeLy s harp cutoff D.fi well a s a fla t 

r esponse curve. Any dosirod typo of curvo Ciln bu t a ilor made. Th e r esulting 

filters have 0. negli gible t emper nt.ure coeff i c ient whi.Lo still being f.'D.de of 

atandar'd IX t er i a l. 

6. Tho w borntor iur.l Feuerstein ha d t he f ollowing pr o j e ct s still unde r 

dev e Lopne rrt . 

a . Calculating I11:00ch i ne wh i ch woul d i nstantaneously solve equat i ons 

to t l p ower of N6• ~hi s ua ch .i. ne i s l'.t p oa errt conp l.c t e , but not c ornp Lc t eIy 

ali gned. The r es ults of the equa tion i s s hown a s 0.11 ELYSIAN fi ure or 8JOt 

repr es enta t i ons on a cathode r ay tube ,a th a cali brat ed gr i d ov erlay. It i s 

poaei.b.Le t o ex t end this rna ch.irie to solve equationa up to l'P. The prf. ncap.Le 

of operation i s bo.s e d on r e8 01vinc the equi puen t int o sine and co-sine funo

tions wi t h rP being tho f'undarnerrta L f r equency whos e ampLi,t ude was p r op or t i on: t e 

t o t he co- e f f i cient ; the Lat , 2nd , a nd 3rd p ower t .errnn w re r ep r es ent ed by 



h . ut<"""";;\ I r a . s r..itt;:;r- -Provid(;Js aeve.ra L KYI cont.Lnuous out p ut on 

1 CM »r: v e l engt h . Wor ks on Ma.gnctron p r i nciple . Unc onf'Lr r ied r eport ", have 

l' or ed t hi s dev i ce t o b e a bas La f or further r-e uea r-ch on clea t r ays. I n 

c onne c t i on with t his it ahouLd b e no t ed t ha t thore i s i n exist enc e in a 

ne i ghb or i ng Labor-a t ory ::. l.~O "[ one CU t r Cl . ar itter ua m g tho KLYSTHON p r i nc i p l e . 
, 

i. Voi ce Frequen cy Spectrogra}Jh-·-Pr ovid s on a c cur a cy of 10-7 a nd 

i b an i npr oven crrt on exist i ng a t a ndar da , Al ~; o uaed f or Labor c.tory ca libra t i on. 

j. 'Iochani cc:. l Fr equency Al1p l i f i er ····Pr ov i dos a uddo f r equency outp ut 

of several "RN caps c i t y f'r om an unamplifie d crys t al oac i Lla tor. The c r ystal 

f requoncy s e r ves a s 0. s ov urnor fo r a J. ccha na ca L gcnu r a t or . 

k , _ud.i,o Re;c0i vor - - Princi p le J r ov irl os unt uned RF and I?' s t a.ges , 

but y ot a Ll.cws high sulcct ivity a nd a cns i.tri.v dty , Uses filt or a inst ead of 

t uned c i r cui t s u ' t h o RE' a nd I i' utagc s . The s i ngl e tl1nin,r:; c ont r ol i s on t ho 

oscillator . 

1. V'av o Trap - -F'i l t rr; circuits to e l i rl1ina tio power f u l f ixed COilJID6r 

c.ia L s t a.t i ons t o a llow r eception of' wea k si[3n'1 1 3 . Us ed by t h e; Ger :ra n i nt e r 

cept s rvd.ce , 

,,1. Gener a l Pi l t e:c Dosign--'l'lu fJ or gn.ni zat ion has mast cr-cd t h e clusi ' 1 

of filt ers so a s to prov i.de fi lt e rs of ext r-e.181y s ha rp cutoff [1.8 we l l 0.,'3 a fla t 

r es ponse curve . hny dosirod t ype of curvo CQn be t a.ilor made . The r esulting 

filters hav e 0. negligib le t emper rrt ure c oeff i cient 'while st i ll being made of 

sta ndar d Lut or i o. l . 

6. The l.D.bor a t oriur.l F'euerstein had the f ol lowi n g pr o jec t s st oll undez 

deve Lopnerrt , 

a . Oa.l.cu.La 't f.ng MCl. ch i n e wh i ch wouLd i nstantaneously so l v e equations 

to t h e p ower of N6• This i.iac h 'ine i s ;'.t p r os ent co . lat e , b ut n t comp Lc t e.ly 

a l i gr.ed. The r es ul t s of the equo.t i on is sho~~ a s an ELYSIAN f i gure or sp t 

repres ent a t i ons on a cat ho de ray tube vn t h a ca librat ed grid over lay. I t is 

pos s i ble t o ex t end this machi ne t o s ol v e equa t i ons up to N9• Th e pr i nc i p l e 

of 0 e r a t i on is ba s d on r es olving t h e qui pnont i n t o sine a nd c o-sine f unc 

tions wi t h NO b ei ng t h e fWlda ~~nt a l f r equenoy whose N, )l i t ude was p r op or t i on \ t e 

t o t h e co- e f f i cient ; t J 1st, 2nd , a n d 3rd p ower t e rwn wore r ep r o ent ed by 

the 1st, 2nd , and 3rd har n orii.cs , t he c o-e f f i c i e nt of each t en :l b ' i ng 1' 0 res en t ed 



I • 

ill'.tiona for the design of wings of hi gh sp eed pIanea a nd in the d e i gn of 

pr ojecti l es , wh ich. f or mer l y took 14 day s to s ol v e . 

b . The s pe0ch ;lriter--Intonded to r epl a ce t he s ynt het i c t hreefol d 

rrobbel ung high gr a de fJJ:"J0ech ccr c mb I o.r " ~3 Yl0 1 1 a n nur; cr'ous ot h r a pp l i cat iona . 

< 

Thi s project ViaS i n ·)rinc~.ple , but only 25 cent be in conco.ap L c u e	 p e r c o m p L e 

s truct i on . It woike d on the p r i.nca.p Le of res olving s) c: cc h into 25 r<3~Jr e s enta -

t i VG symbol s by mea ns of 1'iltel's a nd tho output could. be a tta ch d t o any 

mocharri. ca L printer. The EJv8l1.tU'J.l a pp lica t i on was to hav e t.h e 25 sy:.bol out p ut 

of the speech wr i t er fed i nt o a teletY1Je acra .ebLcr such a s "Gloichln uf" and 

t here f or..: t h Si100ch could be trftYlS;",litted O ~1 teloty:.? e channeLa , The t e l etypo 

sp e ed of tr::ms .,u rJGi on WLW f lJ. nt enough t o keep up VI i t h t he sp eed of sp eech. 

The vowe I [J ounru could ,:::. J.waYfJ be i dentified a s the vowel letters but certain 

consonant ounds V1C r " arbitrarily repres ent ed by 0. symbol. One of t he: Lmpor-tarrt 

eomponerrt s of thi [: device wo. ::.· n. pe c i o. l p e rrt odo tube wh i ch 1lCL;:" the e qui.vc.Lerrt 

out put voltage a s well a s control on t he nin i n lL:i tri gger p ot e rrt i nL, The co ntrol 

wat! app l i ed on No. 2 and No. 3 gri d.a . The wor k m el b een cor..p L ted f or a l l 

v owe L	 a na wo u l. d be ne c e c rs ounds and f ur t he r Ly sds c.r y t o C01T1lJl a ta filt er ana l y s i s 

f or t he r-emaLrn.n g cons onant s ounds. 15 c i.rcu.l t .o were 1'0,;) uired for the c omp l et o 

res ol ut i on of t he vowel sow1ds a nd the con~ on~nt sounds woul d require an a ddi

tional 50 to 60 cireui t s , To comp Lote t he z-eaearch on this uo a s to de taile d 

principles of operation a nd values would r equir e a No. 1 priority and eiGht 

weeks of t i.me, 

7. Complete technical o.m.lysi8, exp Lana t Lon of' pr i n ci p l e of operat i on , 

and circuit vu Lues , and dra Lnga f or dev e.Lop.ncnt.a "Gleichlauf", "Ba us t ei n " , and 

t he synthetic Speech Scro.;·.lblcr is now ava.i.Lab Le , 

8. It is understood that both Doct or Wernor Li ebknecht and Doctor Oskar 

Vi er ling are on the warrt od li:Jt a special civilia n scientists. 

(SIGHED)	 HOl'fActID C. BA.RIDW 
lIa j or , Signa l corps 


